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ORIGINAL RESEARCH ARTICLE 



Polyglutamine-containing proteins m schizophrenia 

R Joober^-^, C Benkelfat^, M Jannatipour\ G Turecki\ S LaP, J-L Mandel\ D Bloom^, P Lalonde^, 
I Lopes-Cendes\ D Fortin^ and G Rouleau^ 

^Montreal General Hospital Research Institute and Center for Research in Neurosciences; ^Douglas Hospital Research 
Center; "^Department of Psychiatry, McGili University, Montreal, Canada; ^IGBM BP 163-67404 illkirch Cedex-CU de 
Strasbourg, France; ^LH Lafontaine Hospital, Universite de Montreal, Montreal, Canada 



Genetic anticfpation, manifested by increased severity and earlier age-at-onset of the disease 
over successive generations, is reported in schizophrenia. The molecular basis of anticipation 
in several neurodegenerative diseases is unstable coding CAG repeat expansions. Antici- 
pation was reported In schizophrenia. Recently, studies suggested that enlarged CAG/CTG 
repeats are over represented in schizophrenic patients compared to normal controls. 
Together, these observations suggest that unstable CAG repeats may play a role in the etiol- 
ogy of schizophrenia. The purpose of this study is to test for the presence of polyglutamine- 
expanded tracts, encoded by CAG repeats, in total protein extracts derived from iymphoblas- 
toid cell lines of schizophrenic patients. Proteins from schizophrenic patients {n ^ 59} and 
normal controls (n = 73) were separated by means of SDS-polyacrylamide gel electrophoresis, 
wet blotted onto nitrocellulose membrane and probed with a monoclonal antibody (mab 1C2) 
recognizing expanded polyglutamlne arrays. Three abnormal bands corresponding to 
protein(s} of molecular weight of approximately 50 kDa were identified in two unrelated schizo- 
phrenic patients and in a sibling of one of these patients. None of the normal controls tested 
positive for this abnormal band. These results suggest that expanded polyglutamine-contain- 
ing proteins, though rare, may play a role in the pathogenesis of schizophrenia. 

Keywords: schizophrenia; CAG repeats; polyglutamine tracts; anticipation; neuroleptic responsive- 
ness 



Introduction 

Schizophrenia is a major psychiatric disorder that 
affects up to 1% of the general population. Family/ 
twin^ and adoption'* studies indicate that genes play a 
significant role in its etiology. However, no genes or 
loci increasing susceptibility to schizophrenia have 
been convincingly identified."^ Genetic anticipation (ie 
earlier age-at-onset and increased severity of the dis- 
ease in successive generations] has been reported in 
schizophrenia.''"^ Genetic anticipation is observed in a 
group of neurodegenerative diseases caused by CAG 
repeat expansions. The severity of these diseases corre- 
lates with the size of the trinucleotide expansions, 
which are unstable during gametogenesis. It was there- 
fore hypothesized that genetic anticipation observed in 
some families with schizophrenia may be due to 
unstable CAG repeat expansions.^-^" Consistent with 
this hypothesis, several studies using the repeat expan- 
sion detection method reported a higher average 
maximum size of CAG/CTG in schizophrenic patients 
compared to normal controls. ^^"^"^ 
Although the exact role of expanded CAG repeats in 



Correspondence: Dr G Rouleau, Rm L7-126, Montreal General 
Hospital Research Institute. 1650 Avenue Cedar, Montreal H3G 
1A4, Quebec, Canada. E-maih mi32@musTCa.Tncg]lLca 
Received 20 May 1998; revised and accepted 26 August 1998 



the pathogenesis of neurodegenerative diseases is nut 
clear, it is believed that their protein products are toxic 
to neural cells. Recently, it was shown that expanded 
polyglutamine-containing proteins tend to aggregate 
and form nuclear deposits which may represent one of 
the mechanisms leading to neural cell death. 

If CAG repeat expansions are involved in schizo- 
phrenia, they may also act through expanded polyglut- 
amine tracts. To test this hypothesis, we used a mono- 
clonal antibody (mablC2) that specifically recognizes 
polyglutamine tracts to identify polyglutamine-con- 
taining proteins in total protein extracts derived from 
lymphoblastoid cell lines of schizophrenic patients 
and normal controls. The 1C2 antibody, initially raised 
against a peptide that encompasses the polyglutamine 
stretch of the TATA-binding protein (TBP),'''' was sub- 
sequently found to specifically recognize large 
(expanded and non expanded'^) polyglutamine 
arrays expressed in other proteins. 

Methods 

Subjects 

The patients [n = 57) involved in this study are part 
of a currently ongoing pharmacogenetic project. In an 
attempt to reduce genetic heterogeneity, schizophrenic 
patients were categorized on the basis of o priori 
defined criteria of severity of the disease and respon- 
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sivoncss to neuroleptic medication. Niniroh^ptic-non- 
rosponsivo patioiits {n = 23) ware Tor.nuUn] arconJing 
to tho following criteria: (1) chronic schizophrenin, 
according to DSM-TV;'" (2) continuous psychotic: symp- 
toms with no significant remission within the past 2 
3^ears; (3) at least throe periods of treatment with typi- 
cal neuroleptics, from at least two distinct families of 
drugs, at clinically sufficient dosage (equal to or greater 
than 750 mg, while treated in monotherapy, or 1000 mg 
chlorpromazino equivalent, while treated with two or 
more neurohjptics comhintnl], for a c{)ntiniioiis period 
of at least 6 w^eeks at a time, with no sigiiificant relief 
of symptoms in tho preceding 5 3^ears; and (4) unahle 
to func:tion without supervision in all or nearly all 
domains of social and vocational ac:livitios. 

Criteria for neurohjptic-rosponsive patitmts [n - 29) 
were: (1) sc:hizophrenia, according to DSM-IV; (2) at 
least one admission to a psychiatric care fat;ility 
hecause of acute psyc;hotic episodic; (3) during all hos- 
pitalizations, full or partial remission in response to 
treatment with typical neuroleptics, at recommand(jd 
dosage, within 6-8 weeks of continuous treatment (we 
define remifision as a rapid reduction of schizophrenic 
symptoms wdth limited residual symjitoms); (4) ahle to 
function with only occasional supervision in all or 
nearly all domains of social and vocational activities; 
(5) no admissions to hos})itals hecause^ of psychotic 
exacf^rhation, if compliant to treatment and tnnited 
continuously with typic:al neuroleptics; and ((>) at kiast 
one ps3'cho1ic relapse when neuroh?])iic mechcation is 
reduced or interrupted. Exclusion criteria for schizo- 
phrenic ))ati(mts were brain trauma, any ncnirological 
condition and drug or alcohol a])us(i in tht! last 2 years. 

Neuroleptic-nonresponsive pati(;nts wore selec:ted 
from a list of schizophrenic patients identifitul as can- 
didates for treatment or treated with atyjiical nnurn- 
l(i])tics because (^f treatment resistancti. Three insti- 
tutions providcKl these nonresponsive patients: 
Douglas Hospital, Clinique Jeunes Adultes of LH 
Lafontaine Hospital and the St;hizo()hrenia Clinic of 
th(? Royal Ottawa Hospital. R(^sponsive patients wore 
select(id from a list of all patients who were considered 
very good responders to neurole])tics by their treating 
physicians and /or nurse and who were followed in the 
out-patient clinics attached to the Douglas and LH 
Lafontaine hosj)itals. 

Pati(Mits wore directly interviewed using tlu^ Diag- 
nostic; Interview for Cenetic; Studicis^-* and their mttdi- 
cal records were comprohonsivel}^ reviewed by a 
research psychiatrist. Complementary information 
from the treating physician and nurses in t:harge was 
obtainofL Diagnosis was based on the concordance of 
two psychiatrists using DSM criteria and all the avail- 
alDle data. Diagnoses in relatives were based on direct 
interview using the DIGS and review of tho medical 
files. 

A group of 34 normal controls was recruited through 
local advertisement and among healthy married-in 
individuals from an ongoing h'nkage study. All controls 
have been screened for DSM~TV axis I disorders. In 
addition, 39 psj-chiatrically unscroonf^d contvo] suh- 



\o.cts were tested. All patients and controls were Cauca- 
sians with western and central European descent. After 
comphite description tjf th() study to the subjf^cts, writ- 
t(Hi informed consent was obtained. 

Protenn extraction and western blotting 
VVhole-ctdl protein extracts were isolated from lymphcj- 
blastoid cell lines transformed by Ej)stein-Barr Virus 
using standard techniques. The protein extraction was 
pt^r formed on ice and the PMSF protease inhibitor was 
added (1 mM final concentration) to the protein homo- 
gonato. Fifty micrograms of proteins from oacJi samph? 
were separated using an 8% SDS-PACE gel. Gels were 
blotted onto nitrocellulose transfer and immo])ilization 
membrane (Schleicher & Schuell, Keone, NH, USA) 
using BIO RAD Trans-Blot elect rophoretic transfer cell 
apparatus following manufacturer recommendations 
(Biorad, Hercados, CA, USA). The qiudity of protein 
transfer and the amoimt (jf proteins were checked using 
the Ponseau red staining method. Blots w^er(^ probed 
overnight at 4^C with th(; primary antibody (mablC2; 
1:5000], then detected using the horseradish peroxi- 
dasc-conjugated secondary antibodies (1:4000) 
(Jackson Immino Research Laboratories, Baltimore, 
MD, USA) and enhanced chemiluminescence (ECL 
protot:ob Amersham, Little Chalfont, Bucks, UK). 

Results 

Many immunoreactive bands w^ere observed in all 
schizophrenic patients and healthy volimteers indicat- 
ing that thtire are prottuns, as yet vmcharacteriztul, 
d{Uet:l(ul by th(^ 1C2 antibody. The strongest signal, cor- 
responding to the TATA-binding protein (with a size 
<48 kDa), was present in all subjects and may be con- 
sidered as an internal positive contnil for each subject. 

Two strongly immunoreac:tive bands were delec:ted 
in two schizophrenic subjects (Figure 1, respec:tively 
lanes SI and S4) but not in the 73 controls. Although 
both of them ar{> of approximate? molecular iveight of 
50 kDa, the band o]>ser\'ed in S4 seemed to bo slightly 
smaller than the one observed in SI. To ensure the 
reproduc:ibility of these bands, prottuns were extracted 
from at least two different cell line aliquots (istablished 
from the two patients and western blots were repeated 
using different experimental stringency conditions. 
These bands were consistently identified xmder several 
expori mental conditions. The immunoreactivity of the 
50-kDa band dotec:ted in Si was equivalent to that of 
the TBP band when the blot was incubat(;d at room 
temperalur(i for 1 h with tbe primarj^ antibody at a 
1:2000 concentration (Figure 2). In order to exclude the 
presence of immimoglobulins in these samples (Si and 
S4) that would react with the secondary antibody, we 
repeated the immunodetection using only the second- 
ary antibody. No abnormal bands w^ere detticted. Both 
patients were diagnosed with paranoid schizophrenia 
and were good responders to neuroleptic m(KUcation. 
S4 had no family history of mental di.sordtjrs and his 
age-at-onset was 25 years (average of the group 21 ± 5 
years). Si had an earlier ago-at-onset (10 years) and had 
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SI R1 R2 R3 R4 R5 S2 S3 S4 85 S6 CI C2 C3 C4 C5 C6 C7 




Figure 1 West or n blot showing immunoreactivity in series of lymphoblastoid total protein extracts from lines established from 
schizophrenic patients (S), relatives (R) of one schizophrenic patient (Si) and healthy volunteers (C), All samples contained 
the same volume of protein extract. TBP, TATA-binding protein. The blot was exposed to the 1C2 antibody (50 ml, 1:5000) 
overnight at 4^. Positions of the molecular size markers are indicated on the loft of the fignre. Arrowheads indicate the novel 
bands obser\^ed in the two imrelated schizophrenic patients (Si and S4). 



s S SI s 




TBP 



Figure 2 Western blot showing immiinoroactivity in lym- 
phoblastoid total protein extracts from lines established from 
four sc:hizophrenic patients (S). All samples contained 50 
micrograms of proteins. The bint was exposed to the 1C2 anti- 
body (TO ml. 1:2000) for 1 h at room temperature. TBP, TATA- 
binding protein. Size marker is indicated on the left of the 
figure. Arrowhead indicates the novel hand observed in Si. 



two siblings (out of eight) who were diagnosed rospec>t- 
ively with a major depressive episode and a postpar- 
tum depression, A novel slightly smaller band as that 
observed in the schizophrenic proband was detected 
in the sibling diagnosed w^ith major depression (Figure 
1, lane R2); no novel protein was detected in the sibling 
w^ith postpartum depression. Three other non-affected 
siblings were tested and did not display my additional 
bands. No parents were available for testing (Si parents 
were dead and 84 parents declined to participate). 

Throe other schizophrenic patients and one of the 
siblings of Si (Figure 1, respectively lanes S2, 85, 86 
and R2) showed weakly immunoreactive bands of 
smaller molecular weight (approximately 45-48 kDa). 
However, fainter immunoreactive bands in the same 
size range were observ^ed in normal volunteers (Figure 
1, lanes C2, C3, C6 and C7). The nature of these bands 
remains unclear. 

Discussion 

Two recent studies did not identify polyghitamine 
expansions in schizophrenic patients. The first 
study by Schurhoff et aF^ included only three schizo- 
phrenic patients, none of whom had a family histor3^ 
of schizophrenia or related spectrum disorders. The 
second study by Jones et aP^ included 18 schizo- 
phrenic patients w^here repeat expansion detection 
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motliod showed CAG/CTG axpandeul gonomic 
sequences. No expanded polyghitammc-conitunmg 
proteins were detected. However, in contrast with our 
results, the only signal detected on tlie western blots 
was the TBP protein band, suggesting methodological 
differences with our study. Indeed, in our hands, sev- 
eral constant bands were observed. It is therefore poss- 
ible that tlie results obtained by Jones at a I were due 
to different experimental conditions whtJre only the 
TBP, the primary epitope of the 1C2 antibody, could be 
detected (such as 30-s exposure to the autoradiographic 
film in Jones et al experiments compared to 1 min in 
our experiments). Using very stringent conditions will 
increase the specificity of the experiment allowing only 
detection of very expanded polyglutamine trac;ts (or the 
TBP]. However, these same stringent conditions will 
result in a low sensitivity preventing the detet;tion of 
weaker antigens which happens even in diseases with 
known CAG repeat expansions (Lopes-C^endes, unpub- 
lished data). Our results are consistent with recent 
findings by Ncri et al (in press) who, using the 1C2 
antibody detecttul an expand e<l polyglutamine-con- 
taining protein in two patients with cliildhood onset 
st:hizophrenia. The immunoreat;tiv(^ bands t:oiTespond- 
ing to this protein were in the same size range as the 
ones observed in our study. 

Though the ICZ antibody d(H(K:ts preftirenlially 
expanded polyglutamine tracts, smaller polyglutamine 
polymers are also detected by tliis antibody.'" It is 
therefore difficult to be certain that the additional pro- 
tein bands observed in the present stutly correspond to 
expanded polyglutamine tracts in the same size range 
as those causing neurodegenerative diseases. However, 
polyglutamine peptides with more than 35-40 polyglu- 
tamine repeats seem to be the prefereiitial target for the 
1C2 antibody (Lopes-Cendes et al, submitted). In 
addition, under some experimental conditions, the 
intensity of the abnormal band was similar ti) the 
immune reactivity of the TBP, whic:h is comparable to 
the intensity of abnormal bands observed in neurodeg- 
enerativ(j diseases caused by CAG expansions (Figure 
2). Together, these observations suggest that the 
additional protein bands observed in the two schizo- 
phrenic patients Si and S4 and in one of their relatives 
diagnosed with depression, correspond to rare iso- 
forms of a protein with either an enlarged (upper limit 
of the normal size range) or an expanded (GAG repeat 
> upper limit of the normal size range] polygluta- 
mine trad. 

Because there are slight differences in the size of the 
additional bands observed in Si, S4 and w^e cannot 
exclude the possibility that the bands detec;ted in the 
three subjects may represent difAjrtmt proteins. An 
alternative explanation to these size differences could 
be that they correspond to the same protein with differ- 
ent sizes of polyglutamine tract expansions (a short 
expansion will result in a smaller molecule and a 
weaker signal). If the latter hypothesis is true, the 
slightly smaller size of the novel band in R'l may reflect 
the fact that the schizophrenic proband inherited larger 
CAG repeat leading to a more severe phenotype than 



his sibling with major depression. In keeping with this 
hypothesis, S4, who showx'd a slightly smaller and 
weaker band than Si, did not show evid(mce for 
increased psychiatric morbidity in his ndatives and 
had a later age-at~onset. Further experiments are 
required to establish w^hether these proteins are the 
same or not. 

The co-occurrence of novel protein bands in two sib- 
lings suffering respectively from schizophrenia and 
major depression and its absenc:e from three non -affec- 
ted siblings suggests that the corresponding protein 
may contribute to the increased psychiatric morbidity 
in this family. This is in keeping with a study showing 
that expanded CAG repeals are not specific to schizo- 
phrenia but are also observed in patients with affective 
disorders. This is also consistent with epidemiolog- 
ical data indicating that affective disorders and schizo- 
phrenia may share some genetic susceptibility fac- 
tors.^^ 1'he absence of the abnormal protein band in onc) 
sibling wdio suffered from postpartum depr(\ssion may 
result from etiological heterogeneity, which is beli<?ved 
to be common in suc:h prevalent conditions, or a 
smaller expansion not detected with the 1G2 imttbody, 
a frequent ocxuirrence even in the spinocerebellar 
ataxias. 

Although we expet;ted abnormal bands to be more 
frequent in severely affec;ted and neuroJ()ptic-non- 
responsive patients, none of these tested positive for a 
novel band. It is difficult to speculate on the signifi- 
cance of this observ^ation given the small size of the 
samples and the number of detected abnormal bands. 

In eWorld u si on, only two out of 57 unrelated schizo- 
phrenic patients showed an aberrant band detec:ted by 
the 1C2 antibody. This observation indicates that the 
putative expanded polyglutamine-containing protein 
may contribute to the development of schizophrenia 
only in a small proportion of patients. This is consist- 
ent with the fact that schizophrenia is a complex dis- 
ease whi>rc genes with a major effect are thought to be 
very rare. 

Further investigation, particularly the id{uitifit:ation 
and analysis of the gene coding for the protein corre- 
sponding to the abnormal bands and the screening of 
a larger group of schizophrenic patients and carefidly 
matched controls, may help to clarify their role in 
schizophrenia and possibly affective disorders. 
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